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CLAIM 

A method for the manufacture of a low-molecular-weight cellulose mixed organic acid 
ester, characterized by heating cellulose acetate with a saturated or unsaturated organic acid of 3 
or more carbon atoms in the presence of an acid catalyst, with removal of the resulting acetic 
acid from the reaction system, to obtain a cellulose mixed organic acid ester having a molecular 
weight smaller than that of the starting cellulose acetate. 

DETAILED EXPLANATION OF THE INVENTION 

The present invention concerns a method for the manufacture of low-molecular-weight 
cellulose mixed esters, and more specifically concerns a method for the manufacture of cellulose 
mixed organic acid esters having a lower molecular weight than the starting material by 
simultaneous molecular-weight lowering and mixed esterification of cellulose acetate used as the 
starting material. 

Low-molecular-weight cellulose organic acid esters have excellent properties such as 
solubility, miscibility, flowability, etc., and have been used widely in coatings, etc. 

The conventional method for the manufacture of low-molecular-weight cellulose mixed 
organic acid ester involves acid hydrolysis of the main chain of high-molecular-weight cellulose 
mixed organic acid esters. However, in this case, the reaction involves not only the main chain 
hydrolysis, but also the hydrolysis of the pendent ester portion; thus, for obtaining low- 
molecular-weight cellulose mixed organic acid esters with the desired degree of polymerization 
and degree of substitution, delicate reaction control is required, and it is difficult to obtain low- 
molecular-weight cellulose mixed organic acid esters with a high degree of substitution (the 
degree of substitution is the value of the average number of substitutions of the three hydroxy 
groups per anhydrous glucose constituting cellulose.) Also, the fact that the high-molecular- 
weight cellulose mixed organic acid esters used as the starting material is more expensive than 
single esters is another drawback of the conventional process. For example, cellulose acetate 
butyrate is prepared using expensive butyric anhydride or acetic butyric anhydride, thus it is 
more expensive than the case of cellulose acetate using the less expensive acetic anhydride. 
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Also, low-molecular-weight cellulose mixed organic acid esters with a high degree of 
substitution can be obtained if cellulose that had been pretreated for molecular-weight lowering 
is subjected to mixed esterification. Although this would solve the above problems somewhat, 
lowering the molecular weight of cellulose itself is a problem, and in esterification, expensive 
reagents are needed, thus there is no special industrial advantage. 

It is an objective of the present invention to overcome the above problems and to provide 
an industrially advantageous method for the manufacture of low-molecular-weight cellulose 
mixed organic acid esters starting from cellulose acetate that is inexpensive and readily available 
on an industrial scale. 

Cellulose acetate has been produced on a large scale for films, fibers, and plastics, and is 
inexpensive, compared with other cellulose esters; thus, if it can be used as the starting material 
for low-molecular-weight cellulose mixed organic acid esters, its industrial value will be 
extremely high. However, there have not been any practical methods using it. 

It has been known that mixed esters can be obtained by heating cellulose acetate with 
butyric acid containing a small amount of water. For example, in J. Am. Chem. Soc, 74, 4105 
(1952), cellulose acetate is heated in 95% butyric acid for the introduction of butyryl groups. 
However, in this case, the butyryl group content in the product is very small, and a fatal 
drawback is significant lowering of the degree of substitution, thus using this process for 
obtaining low-molecular-weight cellulose mixed organic acid esters is not very practical. 

As a result of intense investigation of an industrially advantageous method for making 
low-molecular-weight cellulose mixed organic acid esters, we have discovered that by reacting 
cellulose acetate with an organic acid in the presence of an acid catalyst, with removal of the by- 
product acetic acid from the reaction system, simultaneous mixed esterification and molecular 
weight lowering proceed rapidly without lowering the degree of substitution. The present 
invention is based on this discovery. 

Namely, the present invention concerns a method for the manufacture of a low- 
molecular-weight cellulose mixed organic acid ester, characterized by heating cellulose acetate 
with a saturated or unsaturated organic acid of 3 or more carbon atoms in the presence of an acid 
catalyst, with removal of the resulting acetic acid from the reaction system, to obtain a cellulose 
mixed organic acid ester having a molecular weight smaller than that of the starting cellulose 
acetate. 

In the method of the present invention, the effects obtained by carrying out the reaction 
with removal of acetic acid from the reaction system include not only the desirable shift of 
equilibrium, but also the reaction proceeding in an essentially anhydrous state, thus acidolysis of 
the ester part and hydrolysis of the main chain glycoside bonds occur. However, it is not certain 
how these effects are displayed. 
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There are no specific limitations on the degree of polymerization and degree of 
substitution of cellulose acetate used as the starting material of the present invention. The degree 
of substitution of the cellulose acetate starting material can be chosen according to the degree of 
substitution desired for the low-molecular-weight cellulose mixed organic acid esters. With a 
degree of substitution below 2, products have a high moisture absorption, while with a degree of 
substitution above 2.5, the starting material has a low solubility in organic acids, thus a solvent is 
often needed to carry out the reaction, so a degree of substitution in the range of 2-2.5 is 
practical. However, a degree of substitution below 2 or above 2.5 can be used for special 
applications such as hydrophilic coatings, solvent-resistant coatings, etc. 

Various saturated and unsaturated acids can be used for the organic acids in the present 
invention, while especially preferred are carboxylic acids of 3-6 carbon atoms, e.g., saturated 
acids such as propionic acid, butyric acid, valeric acid, etc.; unsaturated acids such as acrylic 
acid, methacrylic acid, crotonic acid, sorbic acid, etc. In the case of long-chain fatty acids of 7 or 
more carbon atoms and aromatic organic acids, their incorporation into the mixed esters is 
smaller than that of acids of 3-6 carbon atoms. 

When the cellulose acetate starting material is insoluble in organic acids or a low 
viscosity is desired for the reaction systems, solvents may be added as desired. The solvents may 
be any substances that dissolve or swell the cellulose acetate starting material and have no 
adverse effects on the reaction, e.g., hydrocarbons, halogenated hydrocarbons, ethers, ketones, 
amides, sulfoxides, etc., and mixtures thereof. Water and alcohols result in a reduced degree of 
substitution, thus they are not favored. 

Any acids that can stably remain in the reaction system under the conditions of removing 
acetic acid from the reaction system can be used as acid catalysts, e.g., sulfuric acid, perchloric 
acid, sulfonic acids, zinc chloride, etc. The amount of the acid catalysts used should be 0.1-5% 
(wt%, same hereafter) in terms of concentration in the reaction system. The reaction may 
proceed even below 0.1% or above 5%, but below 0.1%, the reaction is too slow and above 5%, 
it is not preferred economically. 

Compositions can vary widely. Excluding the cation exchange resins, practical 
compositions contain 5-50% of cellulose acetate and 95-50% of an organic acid. A portion of the 
organic acid may be replaced by a solvent. 

The reaction is carried out by heating cellulose acetate with an organic acid in the 
presence or absence of a solvent for cellulose acetate and in the presence of an acid catalyst with 
removal of acetic acid from the reaction system. The reaction temperature should be above 30°C, 
preferably 60-150°C. At a reaction temperature below 30°C the reaction is slow, thus not 
practical. A reaction above 150°C results in severe discoloration, thus not favored. 
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The acetic acid removal from the reaction system can be done by carrying out the 
reaction at a temperature at which acetic acid can be removed under ambient pressure or with a 
combination of vacuum and a temperature at which acetic acid can be removed. The acetic acid 
removal may accompany removal of a portion of the organic acid or solvent. Such a loss of 
organic acid or solvent can be replenished as the reaction proceeds. 

The reaction time varies according to various factors such as the type and amount of 
catalysts, reaction temperature, etc., and the reaction is continued until the desired molecular 
weight is achieved. 

Under the conditions of the present invention, since moisture is removed from the 
reaction system during the reaction, the reaction proceeds essentially in an anhydrous state, thus 
moisture tolerance at the beginning is as high as 5% without any adverse effects and in general 
drying and dehydration of raw materials are not necessary. 

Next, specific examples of the present invention are illustrated. However, the present 
invention is not limited to such examples. 

APPLICATION EXAMPLE 1 

In a 300-mL glass reactor fitted with a stirrer, 15 g of cellulose acetate (degree of 
substitution 2.40, limiting viscosity 1.15 dL/g in acetone at 30°C) and 135 g of propionic acid 
were added; the resulting mixture was heated at 80°C for complete dissolution, treated with 5 g 
of p-toluenesulfonic acid, and heated at 80°C/50 mm Hg for 2 h with continuous removal of the 
by-product acetic acid from the reaction system. The reaction mixture was poured into a large 
amount of water, filtered, washed with water until the filtrate was neutral, and dried in vacuo at 
80°Cfor 10 h. 

Analysis of the product according to ASTM D-871 showed an acetyl degree of 
substitution of 1.70, propionyl degree of substitution of 0.69, and limiting viscosity in acetone at 
30°C (hereafter referred to simply limiting viscosity) of 0.2 dL/g. 

COMPARATIVE EXAMPLE 1 

Application Example 1 was repeated without removal of acetic acid from the system 
under ambient pressure. The product showed an acetyl degree of substitution of 2.15, propionyl 
degree of substitution of 0.21, and limiting viscosity of 0.47. 

APPLICATION EXAMPLE 2 

In a 300-mL glass reactor fitted with a stirrer, 15 g of cellulose acetate (degree of 
substitution 2.40, limiting viscosity 1.15 dL/g) and 135 g of butyric acid were added; the 
resulting mixture was heated at 80°C for complete dissolution, treated with 5 g of p- 



51-2550 



6 



toluenesulfonic acid, and heated at 80°C/50 mm Hg for 2 h with removal of the by-product acetic 
acid from the reaction system, then the product was purified similarly as in Application 
Example 1 . The product showed an acetyl degree substitution of 1 .67, butyryl degree of 
substitution of 0.72, and limiting viscosity of 0. 19 dL/g. 

APPLICATION EXAMPLE 3 

In a 300-mL glass reactor fitted with a stirrer, 15 g of cellulose acetate (degree of 
substitution 1.85, limiting viscosity 1.10 dL/g) and 125 g of butyric acid were heated at 60°C for 
dissolution. 

After the dissolution, 1 g of a 70% perchloric acid aqueous solution and 10 g of butyric 
acid were added and heated at 60°C/15 mm Hg for 1 h with continuous removal of acetic acid 
from the reaction system. 

The product was purified similarly as in Application Example 1. The product had an 
acetyl degree of substitution of 1.63, butyryl degree of substitution of 0.19, and limiting viscosity 
of 0.14 dL/g. 

APPLICATION EXAMPLE 4 

In a 300-mL glass reactor fitted with a stirrer, 15 g of cellulose acetate (degree of 
substitution 2.70, limiting viscosity 1.23 dL/g) and 200 g of butyric acid were heated at 60°C , 
treated with 2 g of sulfuric acid, and heated at 80°C/50 mm Hg for 2 h with removal of the by- 
product acetic acid. After neutralization of sulfuric acid by adding magnesium sulfate, the 
product was purified similarly as in Application Example 1. The product had an acetyl degree of 
substitution of 2.18, butyryl degree of substitution of 0.47, and limiting viscosity of 0.21 dL/g. 

APPLICATION EXAMPLE 5 

In a 300-mL glass reactor fitted with a stirrer, 15 g of cellulose acetate (degree of 
substitution 2.40, limiting viscosity 1.15 dL/g) and 135 g of butyric acid were heated at 140°C 
for complete dissolution, treated with 5 g of zinc chloride, and heated at 140°C under ambient 
pressure for 30 min with continuous removal of the by-product acetic acid. The product was 
purified similarly as in Application Example 1. The product had an acetyl degree of substitution 
of 2.01, butyryl degree of substitution of 0.36, and limiting viscosity of 0.25 dL/g. 

APPLICATION EXAMPLE 6 

In a 300-mL glass reactor fitted with a stirrer, 15 g of cellulose acetate (degree of 
substitution 2.40 : limiting viscosity 1.15 dL/g) and 135 g of butyric acid were added; the 
resulting mixture was heated at 50°C for complete dissolution, treated with 5 g of p- 
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toluenesulfonic acid, and heated at 50°C/10 mm Hg for 10 h with continuous removal of the by- 
product acetic acid from the reaction system. The reaction mixture was purified similarly as in 
Application Example 1. The product showed an acetyl degree of substitution of 1.67, butyryl 
degree of substitution of 0.7 1 , and limiting viscosity of 0. 1 7 dL/g. 

APPLICATION EXAMPLE 7 

In a 500-mL glass reactor fitted with a stirrer, 1 5 g of cellulose acetate (degree of 
substitution 2.40, limiting viscosity 1.15 dL/g) and 135 g of chlorobenzene were added; the 
resulting mixture was heated at 100°C for swelling, treated with 200 g of oleic acid and 5 g of p- 
toluenesulfonic acid, and heated at 100°C/320 mm Hg for 2 h with continuous removal of the by- 
product acetic acid from the reaction system. The reaction mixture was poured into a large 
amount of ethanol, filtered, washed with ethanol then water twice, and dried at 80°C in vacuo for 
10 h. The product showed an acetyl degree of substitution of 2.21 , oleyl degree of substitution of 
0. 1 5, and limiting viscosity of 0. 1 3 dL/g. 

APPLICATION EXAMPLE 8 

In a 500-mL glass reactor fitted with a stirrer, 15 g of cellulose acetate (degree of 
substitution 2.40, limiting viscosity 1.15 dL/g) and 135 g of chlorobenzene were added; the 
resulting mixture was heated at 60°C for swelling, treated with 120 g of methacrylic acid, 1 g of 
hydroquinone, and 5 g of p-toluenesulfonic acid, and heated at 60°C/15 mm Hg for 7 h with 
continuous removal of the by-product acetic acid from the reaction system. The product was 
purified similarly as in Application Example 7. The product showed an acetyl degree of 
substitution of 2.03, methacryloyl degree of substitution of 0.53, and limiting viscosity of 
0.21 dlVg. 

APPLICATION EXAMPLE 9 

In a 500-mL glass reactor fitted with a stirrer, 15 g of cellulose acetate (degree of 
substitution 2.40, limiting viscosity 1.15 dL/g) and 135 g of chlorobenzene were added; the 
resulting mixture was heated at 80°C for swelling, treated with 120 g of crotonic acid, 1 g of 
hydroquinone, and 5 g of p-toluenesulfonic acid, and heated at 80°C/170 mm Hg for 2 h with 
continuous removal of the by-product acetic acid from the reaction system. The product was 
purified similarly as in Application Example 7. The product showed an acetyl degree of 
substitution of 2.01 , crotonyl degree of substitution of 0.35, and limiting viscosity of 0.27 dL/g. 

According to the method of the present invention, industrially mass-produced 
inexpensive cellulose acetate is used as the starting material with simultaneous molecular-weight 
lowering and mixed esterification, with no lowering of the degree of substitution at all. 
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Thus, different from conventional processes, inexpensive raw material can be used to 
produce low-molecular-weight cellulose mixed organic acid esters in one simple step. The 
industrial value of the present invention is very substantial. 
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